Abstract The species Hebeloma vesterholtii spec. nov. is described. It is morphologically and molecularly closely related to Hebeloma theobrominum from which it can be distinguished using either morphological or molecular characters. Both of these species belong to section Theobromina. The new species is known from 13 collections from six European countries.
Introduction
Hebeloma section Theobromina was proposed by Vesterholt (2005) and includes H. theobrominum (the section type), H. erumpens and potentially another taxon that cannot be clearly differentiated from H. erumpens (Eberhardt et al. 2009 ). In this paper we describe a new species, H. vesterholtii spec. nov., that fits both morphologically in the sect. Theobromina and molecularly in the clade / theobromina. We also provide molecular evidence using ITS sequence data that H. vesterholtii is a taxon distinct from the other members of its section. In addition, we include a morphological key to separate this species from the two other species of sect. Theobromina mentioned above and H. plesiocistum which shares a number of characters with the members of sect. Theobromina.
Materials and methods
ITS sequence data were obtained from all known collections of Hebeloma vesterholtii and all collections of H. theobrominum examined in the context of this study. Sequences were produced by direct sequencing following the protocols detailed in Eberhardt et al. (2009) and references therein. In some of the tracefiles evidence was found for length variation within the template PCR products. These were taken into account by including both length variants as separate sequences into GenBank and into the phylogenetic analyses. Collection details and GenBank accession numbers of new accessions are listed in Table 1 . Additional sequences considered in the molecular analyses were EU570163-EU570189, EU693013, EU881922, and EU887517 (GenBank acc. numbers) for which collection details were published by Eberhardt et al. (2009) . To avoid confusion stemming from the application of different species concepts we did not include sequences in the analysis for which the corresponding collections have not been morphologically examined within this project. Sequence alignment was carried out using Se-al (vs. 2.0a11; Rambaut 2002) . Maximum likelihood analyses were carried out as a heuristic search (100 replicates) in RAxML (vs. 7.0.3; Stamatakis 2006) Perrière and Gouy 1996) for the correct placement of the bootstrap values.
Details of the morphological analyses are given in Eberhardt et al. (2009) . For each collection at least 50 spores were measured in Melzer's reagent, excluding the apiculus. The maximum length and width of each spore was measured and its Q value (ratio of length to width) calculated. Average length, width and Q value were calculated and recorded alongside the median, standard deviation and 5% and 95% percentiles. The assessment and coding of spore characters follows Vesterholt (2005) . The average width of the cheilocystidium apex appears to be an important character in the separation of species within Hebeloma (Vesterholt 2005) . It is also important, when determining the average apex width, not to be selective with regard to the cystidia chosen for measurement. To determine the average width at the apex about 100 cheilocystidia were measured on the lamellae edge. For other measurements, at least 20 cheilocystidia, separated from the lamella edge, were measured from each collection. Because of the complex shapes of the cheilocystidia four measurements were made: length, width at apex, width at narrowest point in central region and maximum width in lower half. The measurements are given in this order and an average value was calculated for each of these measurements. The measurements were made in 5% KOH. Unless mentioned otherwise, cited specimens are presently located in the personal collection of H.J. Beker (HJB).
Results and discussion
The sequences of the currently known collections belonging to the species described below as Hebeloma vesterholtii (i.e. all collections on which the description is based) form a well-supported clade in the ITS analyses (Fig. 1) . Judging from direct sequence data, evidence of intragenomic variation (ambiguous readings in both strands; overlapping peaks as the result of length variation among amplicons) was found in ten of thirteen specimens, implicating seventeen positions in the alignment of all H. vesterholtii sequences. Only one additional position is variable in between-specimen comparisons, but unambiguous within all sequenced specimens. However, counting only clear mismatches and disregarding the length variation, the intraspecific variation is restricted to two sites, which explains the very short terminal branches in the clade. The observation and extent of the intragenomic ITS variation is not uncommon in Hebeloma (Aanen et al. 2001; Matheny et al. 2007; Eberhardt et al. 2009; unpublished data) . Likewise, the clade of the closely related H. theobrominum is well-supported. In contrast, H. erumpens, forms a mixed clade with sequences of the insufficiently known Hebeloma sp. For a more detailed discussion see Eberhardt et al. (2009) . These two species and one species complex are European representatives of the /theobromina clade, corresponding to Hebeloma sect. Theobromina. From a morphological point of view H. plesiocistum should also be included in this section. In Fig. 1 Etymology-in honour of Jan Vesterholt who has made a significant contribution to our understanding of the genus Hebeloma.
Pileus usque ad 55 mm in diam., convexus vel obtuse umbonatus; superficies sicca vel leviter viscida, interdum hygrophana, haud striata, ochracea vel bruno ochracea, praeter marginem pallidum cum coloribus cremeis vel roseis. Lamellae adnatae vel emarginatae, parce densae, tenues; color saturate cremeus, alutaceus vel brunneoalutaceus pallidus vel brunneus, demum brunneo-olivaceus. Acies fimbriata. Stipes centralis, interdum attenuatus vel clavatus basin versus, usque ad 75 mm longus et 10 mm crassus, candidus vel alutaceus; superficies sicca, pruinosa vel floccosa. Cortina non visa. Caro cremea vel pallide brunnea; odor compositus (cacao et raphanoideus). Sporae amygdaloideae, fere laeves vel inconspicue ornamentatae, valde dextrinoideae; 7.8-9.5×4.7-5.6 µm. Basidia tetrasporica, 21-33×5.6-8.4 µm, cylindrica vel clavata. Pleurocystidia non visa. Cheilocystidia subclavata, in parte inferiori incrassata, apex 4.4-6.3 mm latus. Caulocystidia cheilocystidiiformia. Fibulae omnipraesentes.
Basidiomes usually in small scattered groups, but occasionally solitary and rarely caespitose. Pileus up to 55 mm in diam. (rarely up to 85 mm), convex to broadly umbonate; surface dry or slightly viscid, can be hygrophanous but is not striate; cuticle colour fairly uniform across most of the pileus except for a thin paler margin, ochraceous to yellowish brown, occasionally with fawn or cinnamon tones, sometimes even slightly olive at centre while the thin paler margin has cream to pinkish buff tones; pileus margin straight, slightly involute in immature basidiomes, wavy (undulate) when old. Lamellae adnate to emarginate, 4-6 mm deep at the widest point, moderately dense, thin, with 60-90 full length lamellae and usually between 1 and 3 lamellules between lamellae, droplets on the lamellae rarely recorded; colour cream, alutaceous or brown when young, later brownish olive following spore maturity; edge fimbriate, paler than lamella surface. Stipe central, cylindrical but occasionally either attenuate or clavate towards the base, up to 75 mm long and with central width 4-10 mm (rarely up to 20 mm); white or alutaceous, sometimes discolouring from the base upwards, becoming hollow with age; surface dry, pruinose to floccose. Cortina not observed. Flesh cream or pale brown, almost never discolouring when bruised. Smell cacao with a raphanoid component but sometimes no smell recorded, taste mild. Spore print brownish olive. Exsiccata often dark or even blackening particularly on the pileus.
Spores amygaloid, with small apiculus and rounded at the end opposite the apiculus, with a distinct thinning of the spore wall and never any sign of papilla, guttulate with one or occasionally more oily drops, almost smooth to weakly ornamented, with no sign of loosening perispore and strongly dextrinoid (O1/2; P0; D3/4); spore colour under the microscope from pale yellow to pale brown; spore size based on n=87 spores of the holotype, 5% to 95% percentile range 7.8-9.5×4.7-5.6 µm, with median 8. Fig. 3 Collection BR-MYCO 166528-76 (holotype) of Hebeloma vesterholtii: a. spores ×1600 in Melzer's Reagent; b. basidium ×500 in 5% KOH; c. cheilocystidia ×500 in 5% KOH; d. cheilocystidia ×1000 in 5% KOH; e. ixocutis ×500 in 5% KOH; f. cheilocystidia on lamella edge ×500 in 5% KOH. Scale bars=10 µm. Photographs H.J. Beker av. 4.4-7.1 µm; n=20-30 selected cheilocystidia of each of thirteen collections yields a range for the averages of 27-37 × 4.4-7.1 × 3.5-4.9 × 5.4-6.6 µm and 30 × 5.3 × 3.6 × 5.6 µm av. for holotype. Caulocystidia resemble cheilocystidia but tend to be larger. Pileipellis is an ixocutis with an epicutis in the range 120-180 µm, embedded hyphae up to 5 µm broad, often encrusted, hyaline or occasionally pigmented. Cutis orange brown and made up of cylindrical to isodiametric elements. Clamp connections present throughout the fruitbody.
Habitat and distribution-all thirteen collections, on which the above description is based, were made in deciduous woodland and with a single exception all habitats were reported as calcareous. There is a range of deciduous trees reported but Quercus appears to have been present on every occasion. This species appears widespread in Europe with a more southerly distribution and is already known from Denmark, England, Belgium, Italy, Spain and Bulgaria. The most northerly collection is from Denmark at N55.86 degrees. Comment Hebeloma vesterholtii appears to favour deciduous woodland in calcareous areas. It is likely that it forms ectomycorrhizal relationships with species of Quercus. The combination of almost smooth to very weakly ornamented and strongly dextrinoid spores indicates an affinity to either sect. Velutipes or sect. Theobromina (Vesterholt 2005) . The known species in the sect. Velutipes tend to have more ornamented spores and/or differently shaped cystidia. Their cheilocystidia are generally much more gently clavate than those of H. vesterholtii. The very pale small spores and the shape of the cystidia strongly support that H. vesterholtii belongs within sect. Theobromina. The new taxon can be readily distinguished both morphologically and molecularly (see above) from the other members of this section. It is likely that previous collections may have been confused with H. theobrominum. However, H. vesterholtii is distinguishable from the latter species by means of its differently shaped spores and different cap colour (Figs. 2, 6, 7) . Based on 10 collections of H. theobrominum we find the cap colour to range from deep cinnamon to red-brown to dark brick as opposed to the lighter and often more yellowish to buff colours of H. vesterholtii. Based on the same 10 collections (and measuring a minimum of 50 spores in each case) the average spore size ranges from 8.4-9.9×4.5-5.3 µm and av. Q 1.80-1.95. Based on our collections there is no overlap in the average spore Q, though there is only a small gap between the two ranges. Thus a collection of either species with a misleading average spore Q cannot be ruled out. However, in cases where the average spore Q may give an ambiguous identification, the cap colour should help distinguish between the two species. Figure 1 shows the placement of H. vesterholtii in the /theobromina clade based on ITS data. Ave cheilocystidium apex width (µ)
Collections examined
5.3-6.3 4.4-7.1 7.3-8.9 5.6-6.5
Ave. cheilocystidium median width (µ) 3.7-4.6 3.5-4.9 4.4-4.9 3.9-4.4
Ave. cheilocystidium basal width (µ)
5.4-6.3 5.4-6.6 5.9-6.9 5.5-6.4
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